Attorney Docket No. 049581-P024US-100060/6 
Date / PT ' g> Q 



From 

"0 

-i 

?ULBPJGHT & JAWORSKI L.L.P. 
2200 Ross Avenue, Suite 2800 
Dallas, Texas 75201 
214/855-8000 



PATENT APPLICATION TRANSMITTAL LETTER 



"Express Mail" label no. BL315U1730US 

Date of Deposit: /^j&T/.s^f' / ^f^, ^ T 



Box PATENT APPLICATION I hereby certify that this is being deposited with the United States Postal 

Assistant Commissioner Service Ex P ress " Mail Post 0fflce t0 Addressee " service under 37 CFR 

Assistant commissioner ^ o ^ ^ ^ indicated aboye and is addressed to the Assistant 

for Patents Commissioner for Patejats, WashingtonJiCL 2023 1 

Washington, D.C. 20231 ^-S^ sj' [ J 

PrinteoVTyped Name: ^ Q/3 f'^sccsS? 

Sir: 

Transmitted herewith for filing under 37 C.F.R. 1.53(b) is a(n): 
13 Utility 

13 Original patent application, 

Inventor(s): Kirk B. Ashby, Albert H. Taddiken, S. Vincent Birleson 

For: SYSTEM AND METHOD FOR FREQUENCY TRANSLATION USING AN IMAGE REJECT MIXER 

Enclosed are: 

1. 29 pages of written description, claims and abstract. 

2. 13 1 sheets of drawings. 

3 . 13 Combined Declaration and Power of Attorney. 

(a) 13 Newly executed (original or copy) 

(b) □ Copy from prior application (37 CFR 1 . 63 (d)) (for continuation/divisional if Box 5 completed) 

[Note Box 5 below] 

4. n Incorporation by Reference (useable if Box (b) is checked). 

The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied under Box 3(b), 
is considered as being part of the disclosure of the accompanying application and is hereby incorporated by reference 
therein. 

5 . □ If a CONTINUING APPLICATION, check appropriate box and supply the requisite information: 

□ Continuation □ Divisional □ Continuation-in-part (CIP) of prior application Serial No: 

6. ^ Assignment Papers (cover sheet and documents)) of the invention to Microtune, Inc. 

7. □ A verified statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27. 

8. □ Information Disclosure Statement and Form PTO- 1449. □ Copies of IDS Citations. 

9. □ Preliminary Amendment 



83457S.1 



Attorney Docket No. 049581-P024US-10006096 
Date / cF - p T> 



10. IS Return Receipt Postcard (MPEP 503) (should be specifically itemized) 

11. d Certified Copy of Priority Document(s) (if foreign priority is claimed) 

12. □ Other: 



13. Utility Fee Calculation 



CLAIMS 


(l)FOR 


(2) NUMBER FILED 


(3)NUMBER EXTRA 


(4) RATE 


(5) CALCULATIONS 




TOTAL CLAIMS 

(37 C F R § 116(c) or©) 


37 


-20 = 


17 


X 


$ 18 




306.00 




INDEPENDENT CLAIMS 
(37 C F R § 116(b) or (i)) 


4 


-3 = 


1 


X 


$ 78 




78.00 




\rn TiPTrnrpp\nr\Tn 


\I\1S 1 if uppll 




















isic Fee 


690.00 








| l.o al .>t\ibo\ 


■ Calculations = 




1,074.00 




Reduction by 50% for filing by small tutiiN IN 
















* Reissue claims in excess of 20 an 
'* Reissue independent claims over 


d over original patent 
original patent 






TOTAL 




$1074.00 



Method of Fee Payment 

14. A clieck in the amount of $1074.00 to cover the filing fee is enclosed. 

1 5. 13 A check in the amount of $40.00 to cover the assignment recordal fee is enclosed. 

10. □ Please charge my Deposit Account No. 06-23 80 in the total amount of the filing fee and the assignment recordation 
fee. if any. A duplicate of this Transmittal Letter is enclosed, if box checked. 

1 ~. El The Commissioner is hereby authorized to charge any deficiency in the enclosed fees under 37 C.F.R. § 1 . 16, or to 
cliatge any patent application processing fees under 37 C.F.R. §1.17, or credit any overpayment, to Fulbright & 
Jaw orski L.L.P. Deposit Account No. 06-2380. 



Respectfully submitted, 

R. Ross Viguet 
Registration No. 42,203 
Counsel for Applicant 

Date: ^ ^ 

Fulbright & Jaworski L.L.P. 
2200 Ross Avenue, Suite 2800 
Dallas, Texas 75201-2784 
Telephone: 214-855-8185 
Telecopier: 214-855-8200 



834578.1 



0495 8 1 -P024US-1 0006096 



1 



PATENT 



SYSTEM AND METHOD FOR FREQUENCY TRANSLATION USING AN IMAGE 
REJECT MIXER 



Kirk B. Ashby 
1607 Crown Point Road 
McKinney, TX 75070 
Citizenship: U.S.A. 



Albert H. Taddiken 
1406 Red Oak Circle 
Farmersville, TX 75442 
Citizenship: U.S.A. 



S. Vincent Birleson 
301 Lakeside Drive 
West Tawakoni, TX 75474 
Citizenship: U.S.A. 



TECHNICAL FIELD 

The present invention relates generally to the transmission of modulated signals and 
more particularly to the translation of a signal from one carrier frequency to another carrier 
frequency. 
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BACKGROUND 

The translation of modulated signals between different carrier frequencies is common 
in signal transmission. For example, upconverters are used in the television industry to 
translate information that is present at a particular low intermediate frequency (LIF) to a 
5 higher frequency for final transmission. Specifically, it is common in the United States to 
convert a signal at a LIF of 44 MHZ to a frequency division multiplex (FDM) final 
transmission frequency in the range of 53 MHZ to 857 MHZ. Similarly, European television 
transmission often utilizes up conversion of a signal at a LIF of 36.125 MHZ to a FDM final 
transmission frequency which may vary from a few tens of MHZ to nearly 1 GHz. 

" 1 0 However, due to the relatively close packing of the FDM frequency bands associated 

with the various transmission channels, upconverters used as described above in the 
television industry are required to have a spectrally pure output so that information is 
transmitted in the desired FDM channel, without producing interfering signals in other FDM 
channels. Meeting the specifications generally required in the television industry is often 
1 5 very difficult due to the relatively close channelization scheme, the typically broad range of 
spectrum translated between, the relatively high transmission power requirements, the 
typically large amount of information modulated in the signal, and the like. For example, 
although often not providing the final transmission signal, upconverters are often deployed in 
the system such that their output signal must have enough output power to pass through a 
20 number of passive splitters and combiners that are disposed in the signal path. Upconverters 
used in these applications are not only required to translate a signal from one frequency to 
another within tight tolerances, but must also amplify the signal to a specified relatively high 
level. 

Accordingly, the television industry presently uses upconverters that are designed 
25 using mostly discrete components, i.e., transistors, inductors, capacitors, resisters, deployed 
on printed circuit boards to provide discrete mixers, such as may be relatively easily relied 
upon to accommodate the relatively high transmission powers, provide the sharp cutoff filters 
needed to remove unacceptable spurious signals, and operate throughout the desired 
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frequency spread. However, the use of such components tends to result in an upconverter 
product which is large, expensive, and which consumes large amounts of power. For 
example, a typical state of the art upconverter providing head end quality for use in television 
transmission applications requires a 19 inch rack mount form factor. Such a size requirement 
5 significantly limits the situations in which the upconverter may be deployed. Moreover, the 
use of such discrete components generally results in relatively high power requirements, 
further limiting deployment opportunities. 

Additional circuit limitations associated with the use of such discrete components 
further encumber the design and operation of prior art devices. For example, it is often very 

10 difficult and/or expensive to achieve good matching of components when utilizing discrete 

'.. components. However, matching of components in order to implement particular circuit 

designs is often critical, e.g., as little as 1° of mismatch in certain circuit configurations 
introduce spurious signals that generally cannot be tolerated in the aforementioned television 
transmission applications. Accordingly, particular circuit designs are often precluded from 

1 5 use due to the difficulty and/or expense associated with suitably matching components to 
implement a circuit design. 

.. Accordingly, a need exists in the art for a frequency translation function to be 

provided in a reduced form factor to reduce size, expense, and/or power consumption. A 
further need exists in the art to provide such frequency translation function in an integrated 

20 circuit or circuits to achieve the aforementioned reduced size, expense, and/or power 

consumption as well as to facilitate component matching and, therefore, broaden the circuit 
designs available for use in providing frequency translation functions. 
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SUMMARY OF THE INVENTION 

These and other objects, features and technical advantages are achieved by a system 
and method which utilizes an integrated circuit utilizing low cost filters to provide frequency 
translation in a low cost solution that occupies little space and consumes little power. A 
5 preferred embodiment upconverter architecture according to the present invention utilizes 

matching characteristics achievable in an integrated circuit design to implement image reject 
or single sideband mixers that relax the filter requirements of the circuit, such as the filter 
requirements of a high intermediate frequency (HIF), while providing frequency translation 
within the desired tolerances. Additionally, the preferred embodiment utilizes single 
10 sideband mixing to reduce the linearity requirements of components, such as amplifiers used 
in the frequency translation circuit. 

A preferred embodiment of the present invention utilizes an integrated circuit design 
providing very close matching of particular circuit components in order to provide at least 
one single sideband mixer. Preferably this single sideband mixer utilizes a phase splitter 
1 5 providing in-phase (I) and quadrature (Q) components of a local oscillator (LO) frequency 
1 used in up conversion of a signal. Accordingly, a single substrate may be utilized according 

to the present invention to provide a fully integrated frequency translation circuit. 

A most preferred embodiment of the present invention utilizes multiple stages of 
single sideband mixers in frequency translation. For example, a preferred embodiment 

20 utilizes a first single sideband mixer, preferably utilizing a corresponding first phase splitter, 
to translate a baseband or intermediate frequency (IF) input signal to a first IF. The first IF 
signal may be filtered and/or amplified, or otherwise manipulated as desired, before passing 
to a second single sideband mixer, preferably utilizing a corresponding second phase splitter, 
to translate the first IF to a second IF. Again the output of the second single sideband mixer 

25 stage may be filtered and/or amplified, or otherwise manipulated as desired, before being 
passed as an output signal. 

According to a preferred embodiment of the present invention, the above described 
multiple stages of mixing utilized in frequency translation provide both frequency up 
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conversion and down conversion. For example, a most preferred embodiment utilizes the 
above described first mixing stage to up convert a baseband or IF signal to a high 
intermediate frequency (HIF) and the second mixing stage to down convert the HIF to a 
desired second IF which is at a lower frequency than the HIF. The use of up conversion and 
5 down conversion in frequency translation according to the present invention is preferred in 
order to simplify filtering of signals and, thereby, synergize the integrated configuration of 
the preferred embodiment upconverter. 

It should be appreciated that because the preferred embodiment of the present 
invention utilizes single sideband mixing, images and other spurious signals associated with 

40 the input signal and/or first IF signal are eliminated or greatly reduced, such as on the order of 
-35 to -40 dB, and therefore the filtering requirements of the circuit are relaxed. Accordingly, 
a preferred embodiment of the present invention utilizes filter elements, such as bandpass, 
lowpass, and/or highpass filters, which are provided on a same single substrate as the 
preferred embodiment single sideband mixer. Although such integrated circuit filter elements 

15 typically do not provide as well defined cutoff points or as sharp of frequency rejection as is 
available with discrete filter elements, the preferred embodiment of the present invention may 
be relied upon to provide frequency translation to within tolerances associated with television 
transmission head end quality signals through the use of matched components and single 
sideband mixing. Of course, filter elements external to the preferred embodiment single 

20 substrate, such as discrete filter elements, may be utilized if desired. 

Additionally, high output signal quality is achievable according to the present 
invention utilizing active components, such as amplifiers, having relaxed linearity 
requirements. Utilizing the single sideband mixers of the preferred embodiment greatly 
reduces the signal images and other spurious signals which often cause a circuit design to 
25 implement highly linear active components in order to avoid subsequent distortion of the 

signals. However, the design of a preferred embodiment of the present invention relies upon 
active components which are linear over a smaller range of frequencies and signal levels due 
to the elimination and/or reduction of spurious signals. Accordingly, implementation of such 
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active components on the same single substrate as the preferred embodiment single sideband 
mixers may be easily accomplished to thereby further synergize the integrated configuration 
of the preferred embodiment upconverter. 

A technical advantage of the present invention is realized in providing frequency 
translation functions in an integrated circuit form factor. Further technical advantages are 
provided in the reduced size, expense, and power consumption associated with 
implementation in an integrated circuit form factor. 

The foregoing has outlined rather broadly the features and technical advantages of the 
present invention in order that the detailed description of the invention that follows may be 
better understood. Additional features and advantages of the invention will be described 
hereinafter which form the subject of the claims of the invention. It should be appreciated by 
those skilled in the art that the conception and specific embodiment disclosed may be readily 
utilized as a basis for modifying or designing other structures for carrying out the same 
purposes of the present invention. It should also be realized by those skilled in the art that 
such equivalent constructions do not depart from the spirit and scope of the invention as set 
forth in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWING 

For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawing, in which: 

FIGURE 1 shows a block diagram of a typical prior art upconverter circuit; and 

FIGURE 2 shows a block diagram of a preferred embodiment frequency translation 

circuit. 
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DETAILED DESCRIPTION 

In understanding the present invention it is helpful to understand the current state of 
the art with respect to upconverter solutions. Directing attention to FIGURE 1, a block 
diagram of a typical prior art upconverter solution is shown. The upconverter circuitry of 
5 FIGURE 1 is often utilized in providing up conversion of a low intermediate frequency (LIF) 
video signal, such as might be provided by a video signal modulated at approximately 44 
MHZ in the United States or approximately 36 MHZ in Europe, to frequencies associated 
with particular television channels, such as may be defined in the spectrum from 
approximately 53 MHZ to approximately 857 MHZ. 

10 In the architecture of FIGURE 1, amplifier 1 1 1 is provided to amplify the input signal 

to a desired level prior to frequency translation. Although not illustrated, according to some 
prior art solutions amplifier 1 1 1 may be a variable gain amplifier which is operated to 
maintain the input to mixer 121 at a constant magnitude. 

Mixer 121 is provided to convert the input signal frequency, to a high intermediate 
=1 5 frequency (HIF) utilizing local oscillator (LO) 131. Amplifier 1 1 2 is provided to amplify the 
HIF signal, such as to compensate for losses associated with mixer 121 or to otherwise 
amplify the HIF signal to a desired HIF output level. Because of the images and other 
spurious signals associated with the HIF signal as provided by mixer 121, amplifier 1 12 is 
typically a highly linear component in order to avoid distortion of the amplified signals. 

20 Filter 141 is a bandpass filter utilized to filter the HIF signal to remove the images and 

other undesired spurious signals. In order to sufficiently filter the spurious signals associated 
with mixing the input signal with the carrier provided by LO 131, filter 141 must typically 
provide very sharp pass band cutoffs. Amplifier 1 13 is provided to amplify the filtered HIF 
signal, such as to compensate for filter loses, prior to final conversion to a desired frequency 

25 via mixer 122. 
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Mixer 122 is provided to convert the HIF signal frequency to a desired output 
frequency signal utilizing LO 132. In order to provide selection of a desired output channel 
of a frequency division set of channels, LO 132 may be a variable oscillator as shown. 

Amplifier 1 14 is provided to amplify the selected output frequency signal to a desired 
5 output signal level. As illustrated, amplifier 114 may be a variable gain amplifier to provide 
selection of a desired output signal level. Because of the images and other spurious signals 
associated with the output signal as provided by mixer 122, amplifier 1 14 is typically a highly 
linear component in order to avoid distortion of the amplified signals. Moreover, although 
illustrated in FIGURE 1 as a single circuit element, often amplification provided at the output 
10 stage of typical prior art upconverters is provided by a combination of one or more fixed gain 
amplifiers and a variable attenuator. 

Filter 142 is may be a variable frequency filter utilized to suppress undesired spurious 
signals on either side of the desired output signal frequency. As with filter 141 discussed 
above, filter 142 is a bandpass filter which, in order to sufficiently filter the spurious signals 
"15 associated with mixing the HIF signal with the carrier provided by LO 132, must typically 
provide very sharp pass band cutoffs. 

Alternatively, the filtering function of filter 142 may be provided by a bank of filters 
where the filters of the bank filter different frequency ranges. Accordingly, depending upon 
the desired frequency of the output signal, a particular filter or filters may be switched in the 
20 output signal path to provide the desired filtering. However, such an embodiment adds to the 
size and expense of the resulting upconverter solution. 

It should be appreciated that in the prior art, the above described elements are 
provided by discrete components in order to accommodate the desired frequency ranges and 
power levels, as well as to provide an output signal of a desired quality. 

25 In order to better understand limitations of the prior art circuitry of FIGURE 1, 

assume that the input signal is provided at a frequency of f LIF and that it is desired to provide 
an HIF signal from mixer 121 at a frequency of f LO i + fLiF- Mixer 121 will not only provide 
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output of an HIF signal at frequency f L oi + fuF> t> ut w iU a ^ so provide an image signal at 
frequency f L oi-fuF- This image signal will approximately be of the same magnitude as the 
desired HIF signal at frequency f L oi+fuF- Additionally, because of the physical limitations of 
mixer 121 result in signal leakage, some of the carrier signal f LOt will also be present in the 
5 output of mixer 121. However, the carrier power level of the carrier signal f LG1 will typically 
be on the order of 20 dB below the desired HIF signal level in video up conversion 
implementations. 

In meeting video head end signal quality requirements, the power levels of the above 
identified spurious signals must be at least 60 dB below (-60 dBc) the power level of the 

10 desired signal. Accordingly, filter 141 must attenuate the unwanted image (f L orfuF) by 60 
dB or more and the leaking carrier signal (f LO i) by 40 dB or more. If filter 141 does not 
provide sufficient filtering of these spurious signals they will be passed on to mixer 122 and 
converted, resulting in not only the original spurious signals but also additional spurious 
signals spawned therefrom. Accordingly, in such a situation filter 142 is not only required to 

1 5 provide filtering sufficient to supplement that provided by filter 141 , but must also provide 
filtering sufficient to redress the additional spurious signals as well as the spurious signals 
(i.e., f L0 2+fHiF anc * fu>2) associated with mixer 122. Accordingly, the filtering requirements of 
filter 142 may be substantial. Moreover, where the output frequency is variable, the center 
frequency of filter 142 must be correspondingly variable. The provision of a variable filter 

20 meeting such requirements results in added size, complexity, and cost to the upconverter 
solution. 

Further problems are present in the prior art circuitry of FIGURE 1 with respect to the 
amplification of the output signal. Assuming that the HIF signal is at the frequency f HIF , 
mixer 122 will produce both a desired output at f L o2-ffflF an< l an undesired image at frequency 
25 fix^+W, as we ll as a carrier leakage signal at frequency f L02 . If f LO i and f L02 are chosen 

properly, the undesired image signal at frequency f L o2 +r HiF w iU be out of the band of interest 
and will not be a direct interferer. However, this undesired image signal will pose problems 
for amplifier 114. 

829823.1 



049581-P024US-10006096 



As discussed above, both the desired signal at frequency f L0 2-fHiF and the undesired 
image at frequency f L0 2 + ffflF provided by mixer 122 will be of substantially the same 
magnitude. Accordingly, the peak signal value in amplifier 1 14 will be approximately twice 
as large as it would be if only the desired output signal at frequency f L0 2-fHrF were provided 
5 thereto. Therefore, in order to maintain the linearity required by the system, amplifier 114 
must consume much more power than would be needed if only the actual signal of interest 
were present and amplified. Moreover, although the above discussion is provided with 
reference to amplifier 1 14, it should be appreciated that similar problems are associated with 
amplifier 112. For example, the desired circuit gain may be distributed over the various 
-10 amplifiers, such as amplifiers 1 12, 1 13, and 114, thereby resulting in appreciably high gain 
requirements and the power consumption problems discussed above with respect to amplifier 
114. 

Directing attention to FIGURE 2, a preferred embodiment signal translator 200 of the 
present invention is shown which accommodates a relatively broad frequency range of output 

i 5 signals as well as provides relatively high output signal power levels. Specifically, the 

preferred embodiment signal translator 200 of FIGURE 2 is adapted to provide frequency up 
conversion in a range of frequencies compatible with the spectrum of television channels 
typically used throughout the United States and Europe at a power level sufficient for use in 
television signal transmission systems such as cable television head end system. Moreover, 

20 the circuitry of the preferred embodiment is configured to utilize integrated components such 
that a synergistic cascade of component attributes provides an output signal having a desired 
signal quality, such as a signal quality meeting video transmission head end requirements. 

In the preferred embodiment circuitry of FIGURE 2, amplifier 211 preferably acts as 
an input buffer and/or provides a portion of the total system gain. Alternative embodiments 
25 of the present invention may omit amplifier 211 and/or utilize other components to provide 
desired signal conditioning attributes, such as a filter or attenuator element. 

The signal output from amplifier 21 1 is provided to phase shifter 251. Phase shifter 
25 1 provides splitting of signals provided thereto, adjusting their relative phase to thereby 
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provide signal components having a predetermined phase relationship with respect to each 
other. Preferably, phase shifter 251 provides in-phase (I) and quadrature (Q) signal 
components (providing a 90° phase difference), although other phase relationships may be 
utilized according to the present invention. 
5 Each of the signal components provided by phase shifter 251 is translated to a desired 

frequency through the use of an associated mixer, here mixer 221 and mixer 222. However, 
as LO 23 1 providing the carrier frequency clock utilized by both mixer 221 and mixer 222 is 
also provided to a phase shifter, shown as phase shifter 252, the carriers driving mixer 221 
and mixer 222 are out of phase a predetermined amount, although operating at a same 
, 10 frequency. According to the preferred embodiment, the carrier signal components provided 
by phase shifter 252 are in-phase and quadrature carrier signal components, although other 
phase relationships may be utilized according to the present invention. 

It should be appreciated that each of mixers 221 and 222 operate to provide both a 
desired signal and an image of the signal component provided thereto. However, the signal 

1 5 components provided to each of mixers 22 1 and 222 are out of phase a predetermined 

amount. Moreover, the carrier signal components provided each of mixers 221 and 222 are 
out of phase a predetermined amount. Accordingly, by utilizing these phase differences the 
signal components may be provided to mixers 22 1 and 222 in such a way as to result in 
constructive combining of desired signals and destructive combining of undesired signal 

20 images. Specifically, when the outputs of mixers 221 and 222 are summed by summer 261, 
the desired signal components are in-phase and constructively combine while the undesired 
images are out of phase and destructively combine. For example, according to the preferred 
embodiment of FIGURE 2, assuming the input signal is at a frequency of f L]F , the desired 
signal components f LO i + fuF fr° m eacn mixers 221 and 222 are in-phase and combine to 

25 enhance the amplitude of the resulting HIF signal while the undesired signal image 
components f L orfLiF fr° m mixers 221 and 222 are 180° out of phase and combine to 
substantially null the image signals. Accordingly, as only the desired signal is output and the 
undesired signal images at the other sideband are suppressed, phase shifters 251 and 252, 
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mixers 221 and 222, and summer 261 form a single sideband (SSB) or image reject mixer 
(SSB mixer 201). 

In using an integrated circuit to implement the preferred embodiment of the present 
invention, double balanced mixers having very good carrier suppression can be implemented 
relatively easily. Accordingly, it is possible, through proper matching of components, to 
achieve a sideband suppression of approximately 40 dB relative to the desired signal in an 
integrated circuit implementation of the above described SSB mixer 201. Even with the 
rather high isolation between signal and spurious signals of 60 dB required in video head end 
application, the filtering requirements of the preferred embodiment circuitry of FIGURE 2 
may be relaxed. For example, assuming 40 dBc of image suppression, a filter providing an 
additional 20 dB of filtering may be relied upon to provide the desired level of signal quality. 
Such a filter may be implemented at a relatively low cost and in a relatively small footprint, 
such as upon the same substrate as the SSB mixer. 

Referring still to FIGURE 2, the output of SSB mixer 201, referred to herein as the 
HIF signal, is preferably provided to amplifier 212. In the preferred embodiment amplifier 
212 provides a portion of the total circuit gain and/or provides the HIF signal at a desired 
magnitude for filtering by filter 241. Alternative embodiments of the present invention may 
omit amplifier 212 and/or utilize other components to provide desired signal conditioning 
attributes. 

Filter 241 of the preferred embodiment is a bandpass filter having a center frequency 
corresponding to the HIF signal frequency. However, as should be appreciated from the 
above discussion, the particular implementation of filter 241 may provide substantially less 
selectivity than is typically provided in a frequency translation circuit providing similar signal 
qualities. This is because the preferred embodiment implementation utilizes component 
matching to provide a high degree of image suppression, thus negating the need for a sharp 
cutoff filter. Synergism is provided by the preferred embodiment configuration in that such a 
filter may be implemented on the same substrate as the SSB mixer of the preferred 
embodiment without compromising a desired level of signal quality. However, this filter 
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may be provided externally to a common substrate utilized for a majority of the remaining 
circuit elements of a preferred embodiment frequency translator 200. It should be appreciated 
that advantages are still realized in such an alternative embodiment utilizing an external filter 
as the selectivity requirements of the filter remain relaxed, and thus the complexity and/or 
cost, of this filter is reduced. Moreover, it should also be appreciated that, where the level of 
image rejection provided by SSB mixer 201 provides a desired level of signal quality, filter 
241 may be omitted, if desired. 

In the preferred embodiment of FIGURE 2, amplifier 213 is provided at the second 
frequency translation stage to act as an input buffer and/or provides a portion of the total 
system gain. Alternative embodiments of the present invention may omit amplifier 213 
and/or utilize other components to provide desired signal conditioning attributes. 

According to the preferred embodiment, a second SSB mixer, SSB mixer 202 
comprising phase shifters 253 and 254, mixers 223 and 224, and summer 262, is provided to 
down convert the HIF signal to a desired output frequency, such as may correspond to a 
desired television frequency division channel. Accordingly, similar to SSB mixer 201 
discussed above, the signal output from amplifier 213 is provided to phase shifter 253. Phase 
shifter 253 provides splitting of signals provided thereto, adjusting their relative phase to 
thereby provide signal components having a predetermined phase relationship with respect to 
each other. Preferably, phase shifter 253 provides I and Q signal components, although other 
phase relationships may be utilized according to the present invention. 

Each of the signal components provided by phase shifter 253 is translated to a desired 
frequency through the use of an associated mixer, here mixer 223 and mixer 224. However, 
as LO 232 providing the carrier frequency clock utilized by both mixer 223 and mixer 224 is 
also provided to a phase shifter, shown as phase shifter 254, the carriers driving mixer 223 
and mixer 224 are out of phase a predetermined amount, although operating at a same 
frequency. According to the preferred embodiment, the carrier signal components provided 
by phase shifter 254 are in-phase and quadrature carrier signal components, although other 
phase relationships may be utilized according to the present invention. 
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As described in detail above with respect to SSB mixer 201, SSB mixer 202 utilizes 
the phase differences the signal components to result in constructive signal and destructive 
signal image combining at summer 262. Accordingly, SSB mixer 202 is used to reduce the 
magnitude of the undesired image at frequency f L o2 + ffflF> assuming frequency f HIF is the 
5 frequency of the desired signal at the high intermediate frequency, while enhancing the 
desired signal at frequency f L0 2-fHiF- 

It should be appreciated that LO 232 is illustrated as a variable oscillator, such as may 
be implemented in the form of a voltage controlled oscillator. Accordingly, SSB mixer 202 
may be controlled to translate an input signal at f HIF to any of a plurality of output signal 
10 frequencies, such as may correspond to particular defined channel frequencies. Additionally 
or alternatively, LO 232 may be controlled so as to provide a frequency hopping scheme 
suitable for deterring useful interception of a transmitted signal and/or for use in multiplexing 
a signal or plurality of signals, such as in time division bursts, on various output frequencies. 

Amplifier 214 is provided to manipulate the amplitude of the signal provided from 
15 SSB mixer 202. Preferably amplifier 214 is utilized to provide the final amount of circuit 

gain to the signal output by frequency translator 200. Although illustrated as a single circuit 
element, amplifier 214 may be implemented as a combination of various gain stages. It 
should be appreciated that amplifier 214 is shown as a variable gain amplifier, such as may be 
useful in providing an output signal at a controllable magnitude. However, fixed gain 
20 amplifiers may be utilized according to the present invention. Additionally, where no gain 
adjustment is desired, amplifier 214 may be omitted, if desired. 

It should be appreciated that the SSB mixers of the preferred embodiment of the 
present invention substantially reduce or eliminate the image signals associated with 
translation of the signal. Accordingly, rather than being provided two signals as in the prior 
25 art circuitry of FIGURE 1, amplifier 214 is substantially provided only the desired signal. 

Accordingly, as there is only one signal provided to amplifier 214, the linearity requirements 
of this amplifier are substantially relaxed. For example, when multiple signals at different 
frequencies are present they can intermodulate, with each other and create unwanted spurious 
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signals so the linearity becomes very crucial. However, by reducing the amplitude of the 
unwanted image, output amplifier of the present invention does not have that 
intermodulation, thus significantly relaxing the linearity requirements and thereby making 
implementation of the amplifier easier. Moreover, the presence of substantially a single 
5 signal results in less power being consumed in signal amplification by amplifier 214. 
Accordingly, such an amplifier may be implemented on a same substrate as all or 
substantially all of the circuit elements of frequency translator 200 shown in FIGURE 2. 

The preferred embodiment of FIGURE 2 includes filter 242 in the output signal path. 
According to this preferred embodiment the filter is an adjustable frequency filter that may be 

1 0 adjusted to a particular center frequency corresponding to adjustment of LO 232. 

Accordingly, filter 242 may be utilized for additional filtering of spurious signals if desired. 
However, because the mixers utilized by the preferred embodiment of the present invention 
provide a high level of sideband signal rejection, filter 242 may be implemented with a lesser 
degree of selectivity than that of prior art upconverter solutions. Moreover, alternative 

1 5 embodiments of the present invention may omit filter 242, if desired. 

It should be appreciated that the preferred embodiment frequency translator 200 
provides a first SSB mixer stage up converting an input signal to a HIF which is preferably at 
a frequency above the entire range of selectable output frequencies. Accordingly, the second 
SSB mixer stage provides down conversion of the HIF to a particular desired frequency of the 

20 range of selectable output frequencies. By proper selection of the carrier frequency provided 
by LO 23 1 (f LQ1 ) and of the carrier frequency provided by LO 232 (f L02 ), images associated 
with SSB mixer 201 and/or SSB mixer 202 may be provided out of band and, therefore, their 
undesired effects further mitigated according to the present invention. 

Operation of the present invention is not limited to use in upconverting a modulated 

25 signal, such as the above described modulated video signal. For example, the present 

invention may be utilized to provide frequency translation of a signal provided thereto in 
baseband I and Q. Accordingly, an alternative embodiment of the present invention may 
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omit phase shifter 25 1 in favor of utilizing a baseband I and Q signal at mixers 221 and 222 
respectively. 

It should be appreciated that the frequency translation circuitry of the present 
invention may be utilized in a number of systems. For example, the signal quality of the 
5 above described preferred embodiment is suitable for use in cable television head end and/or 
video on demand type services. 

Moreover, because of the reduced size, complexity, cost, and/or power requirements 
of the preferred embodiment frequency translator utilizing substantial circuit integration of 
the circuit elements, i.e., an upconverter on a "chip", embodiments of the present invention 

1 0 are uniquely adapted for deployment in configurations heretofore not possible. For example, 
frequency translators of the present invention may be deployed at neighborhood nodes of a 
cable television system to facilitate delivery of pay per view video or video on demand to 
select subscribers in the neighborhood. Additionally or alternatively, the ability to distribute 
frequency translation functionality throughout a communication system, such as the 

15 aforementioned cable television system, allows new and improved services to be offered. For 
example, highly directive communications, such as neighborhood advertisements, may be 
inserted on particular channels in particular areas. 

Although the present invention and its advantages have been described in detail, it 
should be understood that various changes, substitutions and alterations can be made herein 

20 without departing from the spirit and scope of the invention as defined by the appended 
claims. Moreover, the scope of the present application is not intended to be limited to the 
particular embodiments of the process, machine, manufacture, composition of matter, means, 
methods and steps described in the specification. As one of ordinary skill in the art will 
readily appreciate from the disclosure of the present invention, processes, machines, 

25 manufacture, compositions of matter, means, methods, or steps, presently existing or later to 
be developed that perform substantially the same function or achieve substantially the same 
result as the corresponding embodiments described herein may be utilized according to the 
present invention. Accordingly, the appended claims are intended to include within their 
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scope such processes, machines, manufacture, compositions of matter, means, methods, or 
steps. 
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WHAT IS CLAIMED IS: 

1 . A video bandwidth signal frequency converter system comprising: 

an input signal interface accepting a video bandwidth signal at a first frequency; 

an output signal interface passing said video bandwidth signal at a desired frequency; 

and 

a first single sideband mixer coupled to said input signal interface and said output 
signal interface, wherein said single sideband mixer translates said video bandwidth signal 
from said first frequency to a different frequency. 

2. The system of claim 1, further comprising: 

a second single sideband mixer coupled to said input signal interface and said output 
signal interface, wherein said first single sideband mixer is disposed between said input 
signal interface and said second single sideband mixer, and wherein said single sideband 
mixer translates said video bandwidth signal from said different frequency to said desired 
frequency. 

3. The system of claim 2, wherein said different frequency is a higher frequency 
than both said first frequency and said desired frequency. 

4. The system of claim 2, wherein each of said first single sideband mixer and 
said second single sideband mixer are disposed on a single integrated circuit substrate. 
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5. The system of claim 2, wherein each of said first single sideband mixer and 
said second single sideband mixer comprise: 

a first phase shifter accepting an signal input thereto and splitting said input signal 
into at least two input signal components, wherein said at least two input signal components 
have a predetermined non-zero phase differential there between; 

a second phase shifter accepting a carrier signal input thereto and splitting said carrier 
signal into at least two carrier signal components, wherein said at least two carrier signal 
components have a predetermined non-zero phase differential there between; 

a first mixer accepting a first input signal component of said at least two input signal 
components and a first carrier signal component of said at least two carrier signal components 
thereby providing a first mixed signal and a first image signal; 

a second mixer accepting a second input signal component of said at least two input 
signal components and a second carrier signal component of said at least two carrier signal 
components thereby providing a second mixed signal and a second image signal; and 

a combiner accepting said first mixed signal, said first image signal, said second 
mixed signal, and said second image signal, wherein said first mixed signal and said second 
mixed signal are substantially constructively combined by said combiner and said first image 
signal and said second image signal are substantially destructively combined by said 
combiner. 

6. The system of claim 5, wherein said predetermined non-zero phase differential 
for said first phase shifter is approximately 90°. 

7. The system of claim 6, wherein said predetermined non-zero phase differential 
for said second phase shifter is approximately 90°. 
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8. The system of claim 2, further comprising: 

a signal amplitude manipulator coupled to said second single sideband mixer 
accepting said video bandwidth signal at said desired frequency, wherein each of said first 
single sideband mixer, said second single sideband mixer, and said signal amplitude 
manipulator are disposed on a single integrated circuit substrate. 

9. The system of claim 8, wherein said signal amplitude manipulator provides 
signal amplitude amplification. 

10. The system of claim 8, wherein said signal amplitude manipulator provides 
signal amplitude attenuation. 

1 1 . The system of claim 1 , further comprising: 

a filter coupled to said first single sideband mixer accepting said video bandwidth 
signal at said different frequency and providing attenuation of image signals substantially 
equal to a difference between system requirements and image rejection achieved by said first 
single sideband mixer. 

12. The system of claim 1, further comprising: 

a filter coupled to said first single sideband mixer accepting said video bandwidth 
signal at said different frequency and providing attenuation of carrier leakage signals 
substantially equal to the difference between system requirements and carrier leakage 
rejection achieved by said first single sideband mixer. 
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1 3 . The system of claim 1 1 , wherein each of said first single sideband mixer and 
said filter are disposed on a single integrated circuit substrate. 

14. The system of claim 11, wherein said first single sideband mixer is disposed 
on a single integrated circuit substrate and said filter is disposed external thereto. 
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15. An integrated circuit frequency translation system comprising: 

a first single sideband mixer circuit having a first input and a first output, wherein a 
signal provided to said first input is provided to said first output at an increased frequency; 
and 

a second single sideband mixer circuit having a second input and a second output, 
wherein said second single sideband mixer is coupled to said first single sideband mixer, and 
wherein a signal provided to said second input is provided to said second output at a 
decreased frequency, 

16. The system of claim 1 5, wherein said first single sideband mixer and said 
second single sideband mixer are disposed on a common integrated circuit substrate. 

17. The system of claim 15, wherein said first single sideband mixer comprises: 
a phase shifter at said first input to split a signal provided thereto and to provide a 

predetermined phase differential between each split signal. 

1 8. The system of claim 17, wherein said split signals are provided in an in-phase 
and quadrature relationship with each other. 

1 9. The system of claim 15, wherein said first input comprises an in-phase input 
and a quadrature input. 

20. The system of claim 16, further comprising: 

an amplifier coupled to a signal path associated with said first input, wherein said 
amplifier is also disposed on said common integrated circuit substrate. 
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an amplifier coupled in a signal path between said first single sideband mixer circuit 
and said second single sideband mixer circuit, wherein said amplifier is also disposed on said 
common integrated circuit substrate. 

22. The system of claim 2 1 , wherein said amplifier provides linear operation 
substantially only at said increased frequency. 

23. The system of claim 16, further comprising: 

an amplifier coupled to a signal path associated with said second output, wherein said 
amplifier is also disposed on said common integrated circuit substrate. 

24. The system of claim 15, further comprising: 

a filter coupled in a signal path between said first single sideband mixer circuit and 
said second single sideband mixer circuit, wherein said filter provides attenuation 
approximately equal to a difference between system requirements and an amount of image 
5 rejection provided by said first single sideband mixer. 

25. The system of claim 24, wherein said filter is also disposed on said common 
integrated circuit substrate. 

26. The system of claim 15, wherein said first single sideband mixer comprises a 
substantially fixed frequency carrier and said second single sideband mixer comprises a 
variable frequency carrier. 
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27. The system of claim 26, wherein said increased frequency is a frequency 
above a desired range of video signal frequency division channels and wherein said decreased 
frequency is a particular video signal frequency division channel of said range of video signal 
frequency division channels. 



28. The system of claim 26, wherein said system is disposed in a television signal 
transmission head end circuit. 



29. The system of claim 26, wherein said system is disposed in a television cable 
system neighborhood node. 
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30. A method of providing a frequency translation circuit comprising: 

providing a first single sideband mixer having a first input and a first output, wherein 
a signal provided to said first input is provided to said first output at an increased frequency; 
and 

providing a second single sideband mixer having a second input and a second output, 
wherein said second single sideband mixer is coupled to said first single sideband mixer, and 
wherein a signal provided to said second input is provided to said second output at a 
decreased frequency, wherein said first single sideband mixer and said second single 
sideband mixer are disposed on a common integrated circuit substrate. 

3 1 . The method of claim 30, further comprising: 

disposing a filter between said first single sideband mixer and said second single 
sideband mixer, wherein said filter is adapted to substantially rely upon said first single 
sideband mixer for image rejection. 

32. The method of claim 30, wherein said frequency translation circuit provides 
video head end quality frequency translation, further comprising: 

at least one filter having frequency selection characteristics insufficient to 
independently provide head end quality signal characteristics. 

3 3 . The method of claim 32, further comprising: 

at least one amplifier having linearity characteristics insufficient to provide head end 
quality signal characteristics when tones associated with an undesired image signal are 
present with tones of a signal to be amplified. 
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34. A method for converting video bandwidth signals from a first frequency to a 
desired second frequency of a plurality of frequencies, said method comprising: 

accepting a video bandwidth signal input at said first frequency; 

providing a first carrier having a selected frequency greater than said first frequency 
and said desired second frequency; 

mixing a first component of said video bandwidth signal at said first frequency with 
said first carrier to thereby provide a first mixed signal and a first image signal; 

mixing a second component of said video bandwidth signal at said first frequency 
with said first carrier to thereby provide a second mixed signal and a second image signal; 

combining said first mixed signal and said second mixed signal to thereby provide a 
high intermediate frequency signal having an amplitude greater than both of said first mixed 
signal and said second mixed signal; 

combining said first image signal and said second image signal to thereby 
substantially null each of said first image signal and said second image signal; 

splitting said high intermediate frequency signal into a first component of said high 
intermediate frequency signal and a second component of said high intermediate frequency 
signal; 

providing a second carrier having a variable frequency less than said first carrier 
selected frequency; 

mixing said first component of said high intermediate frequency with said second 
carrier to thereby provide a third mixed signal and a third image signal; 

mixing said second component of said high intermediate frequency with said second 
carrier to thereby provide a fourth mixed signal and a fourth image signal; 

combining said third mixed signal and said fourth mixed signal to thereby provide a 
desired second frequency signal having an amplitude greater than both of said third mixed 
signal and said fourth mixed signal; and 
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combining said third image signal and said fourth image signal to thereby 
substantially null each of said third image signal and said fourth image signal. 

35 . The method of claim 34, wherein said accepting step comprises: 
splitting said video bandwidth signal input into said first component of said video 

bandwidth signal at said first frequency and said second component of said video bandwidth 
signal at said first frequency. 

36. The method of claim 34, wherein said step of providing a second carrier 
comprises: 

selecting said second carrier to result in said desired second frequency corresponding 
to a desired frequency of said plurality of frequencies. 

37. The method of claim 34, wherein each of said steps are operable on a single 
integrated circuit. 
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SYSTEM AND METHOD FOR FREQUENCY TRANSLATION USING AN IMAGE 
REJECT MIXER 

ABSTRACT OF THE DISCLOSURE 
Frequency translation, such as frequency up conversion of a video baseband or 
intermediate frequency to a desired frequency division broadcast channel, is provided 
utilizing a single sideband or image reject mixer and filtering having relaxed selectivity 
requirements. According to a preferred embodiment, a first single sideband mixer accepts an 
input signal at an intermediate frequency and up converts this signal to a high intermediate 
frequency. The image rejection provided by the single sideband mixer in combination with 
simple filtering provide sufficient signal quality to achieve desired levels of desired signal 
isolation, such as on the order of 40 dB. Preferably, a second single sideband mixer accepts 
the high intermediate frequency signal and down converts this signal to a desired 
transmission or broadcast frequency. The image rejection provided by the single sideband 
mixers in combination with simple filtering provide sufficient desired signal isolation, such 
as on the order of 40 dB, thereby relax the linearity requirements of amplifiers utilized in the 
frequency translation system. A preferred embodiment of the present invention disposes all 
or substantially all the frequency translation circuit elements on a single substrate. 

4/5/00 
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COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL, 
CONTINUATION, OR C-I-P) 

As a below named inventor, I hereby declare that: 

TYPE OF DECLARATION 

This declaration is of the following type: 

13 original. 

□ design. 

□ supplemental. 

□ national stage of PCT. 

□ divisional. 

□ continuation. 

□ continuation-in-part (C-I-P). 

INVENTORSHIP IDENTIFICATION 

My residence, post office address and citizenship are as stated below, next to my name. I believe that I 
am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter that is claimed, and for which a patent 
is sought on the invention entitled: 

TITLE OF INVENTION 
System And Method For Frequency Translation Using An Image Reject Mixer 
SPECIFICATION IDENTIFICATION 

The specification of which: 

(a) is attached hereto. 

(b) □ was filed on , as □ Serial No. 0 / or 

□ and was amended on (if applicable). 

(c) □ was described and claimed in PCT International Application No. filed 

on 

and as amended under PCT Article 19 on ( if 

any). 
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SUPPLEMENTAL DECLARATION (37 CFR 1.67(b)) 

□ I hereby declare that the subject matter of the 

□ attached amendment 

□ amendment filed on . 



was part of my/our invention and was invented before the filing date of the original application, 
above identified, for such invention. 

ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information, which is material to patentability as defined in 
37, Code of Federal Regulations, § 1.56, 

□ in compliance with this duty, there is attached an information disclosure statement, in 
accordance with 37 CFR 1.98. 

PRIORITY CLAIM (35 U.S.C. § 1 19(a)-(d)) 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19(a)-(d) of any 
foreign application(s) for patent or inventor's certificate or of any PCT international application(s) 
designating at least one country other than the United States of America listed below and have also 
identified below any foreign application(s) for patent or inventor's certificate or any PCT international 
application(s) designating at least one country other than the United States of America filed by me on the 
same subject matter having a filing date before that of the application(s) of which priority is claimed. 

(d) no such applications have been filed. 

(e) □ such applications have been filed as follows. 



PRIOR FOREIGN/PCT APPLICATION(S) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119(a)-(d) 



Country 
(Or Indicate If 

PCT) 


Application 
Number 


Date of Filing 
Day, Month, Year 


Priority Claimed 
under 35 Use 119 








[ ]Yes 


[ ]No 








[ ] Yes 


[ ]No 








[ ] Yes 


[ ]No 
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CLAIM FOR BENEFIT OF PRIOR U.S. PROVISIONAL APPLICATTON(S) 

(35U.S.C. § 119(e)) 

I hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States 
provisional application(s) listed below: 

PROVISIONAL APPLICATION NUMBER FILING DATE 

/ 

/_ 

/ 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 
UNDER 35 U.S.C. § 120 

□ The claim for the benefit of any such applications are set forth below: 



APPLICATION SERIAL 


FILING DATE 


STATUS 
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(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



POWER OF ATTORNEY 

I hereby appoint the following practitioner(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connected therewith: 

David H. Tannenbaum, Reg. No. 24,745; 
Michael A. Papalas, Reg. No. 40,381; 
R. Ross Viguet, Reg. No. 42,203; 
Michael J. Fogarty, III, Reg. No. 42,541; 
Jody Bishop, Reg. No. 44,034; and 
Thomas J. Meaney, Reg. No. 41,990. 



SEND CORRESPONDENCE TO DIRECT TELEPHONE CALLS TO: 

David H. Tannenbaum R. Ross Viguet 

FULBRIGHT & JAWORSKI L.L.P. (214) 855-8185 

2200 Ross Avenue, Suite 2800 
Dallas, Texas 75201. 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

SIGNATURE(S) 

NOTE: Carefully indicate the family (or last) name, as it should appear on the filing receipt and all other document. 



Full name of sole or first inventor: Kirk B. Ashby 
Inventor's signature :_ 

Country of Citizenship: U.S.A. Date: // AfsA ^JO^ 

Residence: 1607 Crown Point Road, McKinney, TX 75070 

Post Office Address: 1607 Crown Point Road, McKinney, TX 75070 



Full name of second joint inventor, if any: Albert H. Taddiken 
Inventor's signature: . 
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Country of Citizenship: U.S.A. Date: 
Residence: 1406 Red Oak Circle, Farmersville, TX 75442 

Post Office Address: 1406 Red Oak Circle, Farmersville, TX 75442 

Full name of third joint inventor, if any: S. Vincent Birleson 
Inventor's signature: . 

Country of Citizenship: U.S.A. Date: u \\ \\ O-O 

Residence: 301 Lakeside Drive, West Tawakoni, TX 75474 

Post Office Address: 301 Lakeside Drive, West Tawakoni, TX 75474 
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